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THE ACID-BASE BALANCE IN ANIMAL 
NUTRITION 
I. The Effect of Certain Organic and Mineral Acids on 
the Growth, Well-Being and Reproduction of Swine 
BY ALVIN R. LAMB AND JOHN M. EVV ARD. 
The question of the balance between acid and base-forming 
mineral elements in foodstuffs has figured more or less prom-
inently in discussions of rations for both man and animals dur-
ing the last decade. Based principally on the work of Forbes,' 
Sherman and Gettler2 , and !Castle3 , there has developed a con-
siderable tendency to emphasize the necessity for a balance be-
tween potential acid and base in the mineral constituents of ra-
tions. In this preliminary discussion human dietary standards 
will figure, as well as rations for animals, but in reporting our 
conclusions we shall avoid the too common error of applying 
data obtained with one species to other species. 
Much of the early literature on this subject is cited by Forbes 
and by Sherman and Gettler. The former's discussion of the 
acid-base balance is very largely theoretical, and much of it is 
based upon notions which have since been found incorrect. The 
analyses of Sherman and Gettler, which are the first to show ac-
curately the tru relations of the principal mineral elements in 
foodstuffs, are very valuable indeed, and their interpretation of 
their metabolism experiments is conservative, but others have 
often over-emphasized the necessity of a balance such as they sug-
gest. We wish first to point out certain fallacies in the reason-
ing of those who insist on the necessity of this balance of ash 
elements. 
The interpretation of experiments comparing natural food-
stuffs with varying acid and base content is difficult, because the 
character and composition of the ash, aside from its acid or basic 
properties, may have much influence on the results, as has been 
shown by McCollum\ and by Osborne and Mendel5 . Other ele-
ments in the ration, such as the character of the proteins, may be 
limiting factors. A prime essential in fundamental nutrition ex· 
periments is that unknown factors as far as possible should be 
limited to one. 'l'hen only is complete interpretation and generali-
zation possible. The tendency has often been to accept too readily 
'Forbes. E. B. Bull. Ohio Agr. Exp. Sta. 207. 1909 
"Sherman and Gettler- Jour. BioI. Chern. 11: 323. 1912 
3Kastle--Am. Jour. Phys iol. 22: 284. 1908 
'McCollum. E. V.- J our. BioI. Chern. 21: 615. 1915 
' Osborne & Mendel-Carnegie Inst. of Wash. Pub. 156". 1911. Also Jour . BioI. 
Chern. 34: 131. 1918 
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as a reason for unfavorable results the potential acid character 
of the ration, when other possibilities are present. For example, 
in natural feeding-stuffs such as oats, wheat and corn, the min-
eral or protein content is often deficient in quality, yet conclu-
sions are sometimes drawn solely on the basis of the excess of 
acid-forming elements. "Veiser 6 fed pigs on corn alone, which is 
very low indeed in calcium, obtaining a positive nitrogen and a 
negative calcium balance. Calcium was added in the form of car-
bonate and the calcium balance became positive. Funk7 implies 
that this effect obtained by Weiser is due to the correction of the 
acidity of the ration. In his own work with rabbits Funk finds 
that a diet of oats alone causes death in 30 to 70 days, and thinks 
the failure of the ration is due to the excess of acid-forming min-
eral elements in the oats. He, as well as othrs who have fed 
rabbits on an exclusive oat diet, appear to disregard the fact 
that herbivorous animals, including rabbits, require roughage as 
a constituent of the ration. Unfavorable results from an ab-
normal as well as incomplete diet, are then interpreted as being 
due to the poential acidity of the oats. It is noteworthy that 
Funk finds that rats, which are omnivorous, can be maintained 
on oats and white bread for a long time, altho this diet fails to 
produce growth in young rats. 'rhat the failure in growth is not 
due to the acidity of the diet is shown by the fact that the addi-
tion of sodium bi-carbonate had no beneficial action. Other cases 
might be cited from the literature, but the foregoing illustrations 
show the tendency to indict" acidosis" as a frequent cause of 
nutritional troubles. 
Acidosis is variously defined. As most generally accepted, it 
is a pathological condition which occurs in diabetes, nephritis, 
surgical cases, and as a result of poisoning or starvation. In in-
fants it is sometimes a result of too high fat feeding, but it is 
then due to a limited capacity to digest and assimilate fats. 
We dislike to use this term, which really belongs to pathology, 
in discussing normal nutrition. Indeed, the widespread tend-
ency to write into the literature of normal nutrition data ob-
tained from d~ug administration, pathological cases, and other 
abnormal conditions is to be deprecated. Drug administration 
sometimes is of value and experiments on diabetic patients are 
of great importance in the study of diabetic acidosis, but unfor-
tunately the data obtained in such studies are widely accepted 
as showing the limited tolerence of the ani;mal organism for acid, 
disregarding the fact that the organisms experimented on are 
in an abnormal or pathological condition. 
The protective mechanism of the body against acids has been 
thoroly studid by Henderson8 • That the organism has consider-
"Weiser , S.- Biochern. Ztschr. 44: 279. 1912 
7Funk-Jour. BioI. Chern. 25: 409. 1916 
"Henderson, L. J.- Jour. BioI. Chern. 9: 403. 1911. Science 37: 389. 1913 Ibid 
46: 73. 1917, and other papers. 
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able tolerance for acid has been shown by McCollum", who report-
ed satisfactory growth from an early age and normal reproduc-
tion in rats fed exclusively on egg yolk, which Sherman and Get-
tler find to have a potential excess acidity of 26.7 cc. normal solu-
tion per 100 grams. McCollum and Hoagland'O have shown that 
a pig on a nitrogen-free diet plus mineral acids can neutralize 
a large part of the acid with ammonia and maintain tissue neu-
trality. At the same time they found that the creatinine nitro-
gen in the urine remained constant, suggesting that the extra 
nitrogen catabolized to neutralize the ingested acid probably or-
iginated elsewhere than in muscle tissue. Steenbock, Nelson, and 
Hart" found that in swine and calves on a normal level of pro-
tein intake the rise in urinary ammonia nitrogen was not accom-
panied by a corresponding rise in the total urinary nitrogen, but 
that there was a commensurate drop in the urea nitrogen. They 
concluded that on a normal protein intake the excess of acid-
forming' mineral elements which might exist in natural foods 
should exercise no deleterious effect on protein storage. 
The possibility is thus established that an animal may be able 
to grow and complete its normal cycle of life on a ration which 
contains an excess of acid-forming mineral elements, but which is 
otherwise satisfactory. It has been shown that animals of all 
types of feeding habits may divert part of the nitrogen which 
would otherwise appear in the urine as urea, for the production 
of ammonia, thereby neutralizing a large part of the acids in-
gested or formed in metabolism. Sherman and Gettler'2 , how-
ever, with a human subject on acid and alkaline diets, found that 
the extra urinary acidity and ammonia failed to account for all 
the extra acidity of the acid diet. This fact may be the reason 
for the tendency to consider a balance between acids and bases 
necessary. It is possible, however, that the greater part of this 
remainder may be accounted for in the feces without any serious 
loss of bases from the body. Inasmuch as bacterial residues con-
stitute a large part of the mass of feces, it is conceivable that 
some sulfur and phosphorus is excreted, combined with protein 
and in other unoxidized forms. Also, in growth, a considerable 
amount is stored in the form of proteins, phosphatids and nu-
clear material. Thus it seems possible that the excess acid of 
natural foods may be accounted for without serious loss of base 
from the body, by means of ammonia production, acid phosphate 
excretion and the other factors just mentioned. Of course, we 
refer to normal nutrition. 
The only way to determine definitely whether or not a balance 
between acid and base-forming mineral elements is necessary is 
to test the ability of animals to maintain growth and well-being 
"McCollum. E. V.-Am. Jour. Physiol. 25: 127. 1909 
I·McCollum & Hoagland-Jour. BioI. Chern. 16: 299. 1913. 
"Steenbock. Nelson & Hart-Jour. BioI. Chern. 19: 399. 1914 
12Loc. cit. 
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and to reproduce normally on a satisfactory ration with a con-
siderable excess of acid. Inasmuch as swine are very convenient 
experimental animals, and grow so rapidly that their weight is 
quadrupled in a very few months, they have been used in our ex-
periments. Swine are generally fed largely on cereals, which al-
ways carry an acid ash, and it is important to know whether their 
rations should be balanced with bases. 
EXPERIMENTAL 
These experiments were initiated with the purpose of testing 
the ability of swine to metabolize successfully the lactic and acetic 
acids of silage. In the course of our silage investigations at the 
Iowa Agricultural Experiment Station, it was found possible to 
make a satisfactory preserved silage from rape, (Brassica nap-
US )13 . As ordinary corn silage is too fibrous to be efficiently 
utilized by swine, silage has not been well tested in swine feeding. 
In this experiment lactic, acetic, and sulfuric acids were fed in 
equivalent amounts to separate lots of pigs, the mineral acid be-
ing fed for comparison with the organic acids. Since the lot re-
ceiving sulfuric, acid grew practically as well as the control lot, 
the question of the balance of mineral acids and bases was 
raised, and the work continued on that subject. 
The plan of the first experiment was as follows: Eight pigs, 
all from the same litter, about 100 days old and 50 to 60 pounds 
in weight, were assigned to four lots of two pigs each. All were 
healthy and thrifty, and very similar in appearance and condi-
tion. All were fed twice daily the same basal ration, a well-tried 
and very satisfactory one consisting of 80 percent ground corn, 
15 percent meat meal tankage (which contains 60 percent pro-
tein) , and 5 percent standard wheat middlings. The amount 
fed to each lot was regulated by the amount the lot eating least 
would clean up each day. Thus each lot received the same amount 
of feed, a very important matter, since the gains in weight of the 
lots were to be compared. Water in the drinking troughs was 
allowed ad libitum. With this exception the lots_ were treated' 
similarly in every respect until near the close of the experiment. 
The mixed feed was mixed with an equal weight of water in the 
feeding troughs and the acids, in the form of normal solutions, 
were thoroly mixed with the moist feed. 
Lot I was used as a control thruout the experiment, Ijot II was 
fed sulfuric acid, Lot III an equivalent amount of lactic acid, 
and Lot IVan equivalent amount of acetic acid. The total length 
of the experiment, excepting Lot II, which was continued on 
sulfuric acid, was seven 30-day periods. The periods and the 
amounts of acid added to the ration are shown in table 1. 
The rate of growth of the four lots was quite uniform in spite 
of the acid additions. If the growth curves were plotted on a 
13Lamb & Evvard- Jour. Agr. Res. 6: 527. 1916 
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TABLE I-PLAN OF GROWTH EXPERIMENT, SHOWING AMOUNTS 
OF NORMAL ACID FED 
Per-I L ength 
iod I Periods Lot I Lot II Lot III Lot IV Remarks 
1 130 days Basal ra- Basal ration Basal ration Basal ration Began Oct. 4, 
tioD only only only lonly' fed sa m e 
\ 
a mount of 
2 30 days Basal ra- 100 cc. N / 1 100 cc. N / 1 1100 cc. N / 1 feed. 
I tioD o nly sulfuric lactic acetic 
I 
------
I 10 days Basal ra- 200 cc. N / 1 200 cc. lactic 200 cc. acetic tioD only sulfuric 
3 I 10 days Basal ra- 300 ce. surfuric 300 cc. lactic 300 c", acetic 
I tion 'Only 10 days Basal ra- 400 00. SUIf UriC
l
400 cc. lactic 400 cc. acetic 
I tioD only 
I 
4 I 30 days Basal ra- 500 cc. sulfuric 500 cc. lactic 500 cc. acetic 
I tioD only 
-
I 
500 cc. Sulfurici500 cc. lactic 5 I 30 days Basal ra- 500 cc. acetic Note change in 
I tion only acids 
6 \ 30 days Basal ra- 500 cc. sulfuric 500 cc. lactic 500 ce. acetic Lots fed ac-
I cording to ap~ 
I petite last 50 
7 I 30 
Ition only 
days Basal ra- No acid No acid No acid days of experi-
I tion only ment 
scale small enough to be suitable for reproduction here, it would 
be difficult to distinguish any difference. Neither growth nor 
well-being appears to have been interfered with appreciably by 
th acids added to the ration. Table II gives in condensed form 
the weights of the animals by 30-day periods. Weights were taken 
every ten days. While Lot II weighed considerably less than the 
control lot at the close of the experiment, this was partly due to 
the fact that during the last 50 days all lots were fed according 
to appetite. It should be noted that at the beginning of period 
6, when all lots were being fed the same, the differences between 
the lots in average weights were less than the variations between 
individuals within the lots. 
No difficulty was experienced in feeding the acid in the man-
ner described above. At one time only during the experiment, 
did the animals in Lot II lose appetite and not eat well for a few 
TABLE 11--WEIGHTS OF ANIMALS AT BEGINNING OF EACH 30 
DAY PERIOD AND AT END OF EXPERIMENT 
Period I Lot I Lot II Lot III Lot IV 
INo. 460 I No. 465 1No. 461 1 No. 463 1 No. 462 1No. 464 / No. 466 1 No. 467 Ills lbs Ills Ills Ills Ills Ibs Ills 
1 66 51 63 55 53 61 59 57 
2 95 80 96 80 89 89 77 98 
3 127 117 126 114 116 115 105 136 
4 158 157 164 147 157 142 139 176 
5 194 197 196 183 199 171 177 216 
6 217 238 238 210 223 200 219 241 
7 260 272 255 244 269 249 2'47 287 
Final weight I 327 I 327 I 304 I 295 I 303 I 306 I 306 I 336 
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days. This was soon after being changed from the acetic acid 
ration back to sulfuric acid. This fact merely calls attention to 
the difficulty under which these animals labored when they were 
obliged to take into the stomach 250 cc. of normal acid at each 
feeding time. There was apparently, however, very little inter-
ference with digestion, judging by the growth curves. It ap-
pears probable that it is at least as difficult for the organism to 
neutralize acid thus ingested as to neutralize acid produced in the 
tissues by gradual oxidation. When acid is given by mouth the 
greater part of it must be neutralized at once by whatever ma-
terial is most convenient, and readjustments made later. It is 
possible that this is more wasteful of fixed bases than the neutral-
ization of acid produced gradually in the tissues. 
In addition to the superimposed acid, the basal ration itself 
contained an excess of acid-forming mineral elements amounting 
to about 2.55 cc. of normal solution per 100 grams of ration, or 
about 60 cc. normal solution per pig per day. It should also be 
noted that the basal ration we fed was nearly as high in poten-
tial acidity as it would be possible to have in a satisfactory ra-
tion for growing pigs. The amount of acid superimposed upon 
this ration was more than eight times the amount of the natural 
potential acidity of the feed. Under these circumstances slight 
variations in the rate of growth, etc., are of little importance 
when the interpretation is made from the standpoint of nat-ural 
rations and their low pot~I!tial acidity. 
Some very significant comparative data showing the average 
daily gain, in each lot, are given in table III. 
This table shows quite clearly the relative gains in weight of 
the four lots. Lot I (control ) made a little better gain and some-
what more economically than the others. The record made by lot 
I was exceptionally good. Lot II (sulfuric acid) made the least 
daily gain, but the difference is not very great, perhaps not much 
greater than variations due to individuality. It should also be 
noted that Lot II consumed less feed per CLay and per 100 lbs. 
live weight. All lots received the same amount of feed until the 
last 50 days, when each lot was allowed as much feed as it would 
readily consume. Part of the variations shown are due to this 
change in treatment, since the lot fed sulfuric acid would not 
consume as much feed as the others, presumably on account of 
the admixture of strong acid. 
TABLE III-COMPARATIVE DATA SHOWING WEIGHTS AND 
GALNS OF EACH LOT 
I Lot I I Lot II I Lot III I Lot IV 
Average initial weight per pig ... .. ........ .. .. . 
lbs. lbs. lbs. I lbs. 
58 .6 59.0 57.0 583 
327 4 299.4 304.4 I 320.7 
1.28 1.14 1.18 1 25 
Average final weight ............... . ........... . 
Average daily g·ain per pig ..................... . 
562 5.26 5.51 I 5.57 
3.15 3.05 324 3.12 
43U3 46t~0 46i:63 i 44U4 
Average daily feed .............................. . 
Average daily feed per 100 lbs. live weight ....... . 
Average feed to produce 100 Ib3 . gain ............. . 
Average daily gain per pig for first 5 periods only. 
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'flie last item in table III, viz., the average daily gain per pig 
for the first five periods only, when all lots were being fed the 
same amount of feed, shows more accurately the performance of 
the various lots than the average for the whole experiment and 
checks very well with other averages for the various periods. It 
will be noted that the rates of gain in Lots II and III are still a 
little below Lot IV, as well as below the control lot. However, 
there are other factors to be taken into consideration in the case 
of Lot II which have already been discussed. 
The organic acids fed Lots III and IV were apparently ox-
idized, as early morning samples of urine taken at ' intervals 
showed no higher ammonia content than the urine of the control 
lot. Growth and well-being in these lots were entirely compar-
able with the control lot. (No change in the growth curves was 
noted when the acids were interchanged in period 5. See table 
l. ) Further data, on these questions are given in the second 
paper of this series. 
Near the end of the last acid-feeding period, samples of blood 
were taken from several of the animals and the hydrogen ion 
concentration determined by the method of Levy, Rowntree and 
Marriott14 • 'rhe results given in table IV show definitely that 
neither the organic nor mineral acids used disturbed the reac-
tion of the blood, thus demonstrating the efficiency of the pro-
tective mechanism against acids. 
TABLE IV 
No. of /1 No. of I 
animal Lot animal Lot 
460 1--1--7~2--11--463 ---i----'- II--I'-----~7~.0.----
465 I I 7.1 464 III 7.1 
_~4'_'_6 =_1 _---'--__ I"-'I~_ 7.1 467 IV 7.2 
REPRODUCTION TEST 
The two animals in Lot II, after the last control period of the 
preceding experiment (see table I ) , and after a ten day control 
period during which they were treatd for worms (using santonin 
and calomel ) with negative results, were continued on the same 
ration plus 500 cc. normal sulfuric acid, just as before. The acid 
feeding began again on May 12, 1917, and the two animals, Nos. 
461 and 463, were bred April 19 anCL June 5, respectively. Ex-
cept for a few feeds during the extremely hot weather, these 
animals ate well, remained in thrifty condition, and each received 
500 cc. normal acid daily. 
On August 12, animal 461 farrowed eight strong, vigorous pigs 
which suckled normally for more than a week, when seven of 
them died within a day or two. 'rhe last one was killed accident-
ally when nearly a month old. The possibility of some toxic 
"Hawk's Physiological Chemistry, 5th ed., p. 288 
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quality in the milk is not excluded, but seems unlikely. vVe are 
obliged to consider these results inconclusive. 
The other animal, No. 463, farrowed three vigorous pigs on 
September 27. One was transferred to another litter to check, 
if possible, the influence of the milk. Unfortunately, the other 
sow killed this pig by lying on it. Of the other two, one died 
when nearly four weeks old. Post mortem examination* showed 
that death was due to pericarditis resulting from infection, 
which could not be directly ascribed to the ration. The last pig 
passed successfully thru the suckling period, and weighed 33 
pounds at 60 days old. The results in this case ,,-ere more favor-
able, altho perhaps not entirely successful. It is apparent, how-
ever, that a strongly acid ration did not interfere with pre-natal 
development, at least, and, indeed, the trouble may all have been 
due to some cause outside the ration. 
Qualitative tests made on the milk of the second sow to far-
row showed it to be neutral in reaction, normal in appearance 
and odor, with a trace of sulfates aneL a positive test for calcium 
in the milk serum. On account of certain statements in the lit-
el'ature, it may also be worthy of note that the urine of this sow 
showed no evidence of glycosuria or albuminuria. 
Post-mortem exa:nination was not made of the pigs of the first 
litter. Unfortunately, also, it was not possible to make slaughter 
tests of the two sows, and to examine the character of their bones. 
rhe bones of the young pigs, however, were all above the average 
in size, as there was an abundance of calcium in the meat meal 
tankage of the ration. This reproduction test will be repeated at 
the earliest opportunity. 
While the results in growth on the s'1 lfuric acid ration wer e 
very successful, and the r esults in r eproduction fairly good, it 
must be noted that the ration was a good one, containing an 
abundance of protein and mineral matter, even tho the excess of 
mineral elements was on the acid side. This ration was not bet-
ter than should be fed to insure good results, but "'as merely a 
satisfactory ration. If the ration were lacking in some essential, 
or poor in quality, the r esults might be different. These results 
show, however, that if the other elements in a nat1l1"al ration are 
satis/act01'Y, it is not necessary to balance the acid and bCf,Sic min-
eral elements for growing swine. No suitable combination of 
natural feeds would contain nearly as much potential mineral 
acid as was fed in this experiment, during which the animals in 
Lot II increased in weight from 88 to an average of 370 pounds, 
and successfully produced young. 
The metabolism of these acids, and the question of the pos-
sible loss of fixed bases from the body, are discussed in the second 
paper of this series. 
*Post-mortem examination by courtesy of Dr. W. W. Dimmock, professor of Vet-
erinary Pathology at Iowa State College. 
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II. Metabolism Studies on the Effect of Certain Organic 
and Mineral Acids on Swine. 
In the preceding paper of this series it was reported that 
swine apparently possess the ability to maintain normal growth 
and well-being when ingesting considerable amounts of lactic, 
acetic, or sulfuric acids with the ration. This fact has made it 
necessary to secure more ddinite information concerning the fate 
of these acids in the animal body. 
While it is known that lactic and acetic acids are oxidizable, 
several observers have reported traces of these acids in normal 
urine, thus suggesting a limited ability to oxidize them. There 
is some evidence that lactic acid is an intermediate product in 
the oxidation of glucose. Embden1 has shown it to be closely re-
lated with alanine and pyruvic acid in the organism. While lac-
tic acid appears in the urine in cases of oxygen starvation, espec-
ially in phosphorus poisoning or asphyxiation, it appears under 
normal conditions to be quite completely oxidized. Acetic acid is 
probably completely oxidized, altho the mechanism of its oxida-
tion is not known. It appears that these acids should not tax the 
neutralizing pO\~Ters of the organism. However, large quantities 
of these two acids have not hitherto been fed to an animal in a 
metabolism cage. 
In the case of unoxidizable mineral acids, while the mechanism 
of neutralization has been found to be very efficient, various 
harmful possibilities, such as the withdrawal of fixed bases from 
the body, have been suggested2 • The influence of the considerable 
amounts of ammonium salts formed when acids are neutralized 
has sometimes been considered detrimental. Voegtlin and King 
reported3 that intravenous injection of ammonium salts (presum-
ably in dogs) produced symptoms of acid intoxication, which 
were relieved by the injection of calcium salts. Underhill4 also 
found some evidence of toxicity when considerable amounts of 
ammonium chloride were given per os. The loss of calcium from 
the bones is the most serious possibility suggested with regard to 
the fixed bases which may be used in neutralization. However, 
misleading conclusions have sometimes been drawn on this sub-
ject when the experimental animal was receiving a ration too low 
in calcil'm for proper nutrition. A single example of this will be 
cited. Stehle5 reports a loss of calcium when hydrochloric acid 
was administered to a dog. The diet was, however, entirely in-
adequate in lime, as in several other experiments in the literature 
where animals were fed on meat alone, without bone. Givens and 
1 For bibliography see Dakin's "Oxidations and Reductions in the Animal Body." 
2See discussion in first paper of this series. 
3Voegtlin & King-Jour . BioI. Chern. Proc. 6 :xxviii (1909) 
' Underhill- Jour. BioI. Chern. 15 :327 et. seq. (1913) 
· Stehle-Jour. BioI. Chern. 31 :461 (1917) 
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Mende16 have recently shown that neither acid nor alkali exerts 
any marked effect on calcium storage. In a later paper Givens7 
confirms these conclusions. 
EXPERIMENTAL 
A vigorous, thrifty barrow pig, which weighed 60 pounds at 
90 days of age at the beginning of this work, was placed in a 
metabolism cage, with a separate feeding stall, a modification of 
the cage used by McCollum. His ration previous to this experi-
ment had been a satisfactory one. The ration used during 
the first cage experiment was the same as that used in the growth 
experiment recorded in the preceding paper, viz., ground corn 
80 percent, meat meal tankage 15 percent, wheat middlings 5 
percent. The feed was mixed with water and the acids added in 
the same manner as in the experiment just mentioned. The pig 
was fed twice daily. The urine was collected every 24 hours, and 
the feces by five day periods. 
The pig was placed in the cage for a preliminary period of 
five days to accustom him to the cage and the ration. The regular 
experimental periods which followed and the rations with ad-
ditions are shown in table I. 
TABLE I-DAILY RATIONS AND ACIDS FED 
No. I Period 
1 Control-l0 d·ays 
2 Acid-l0 days 
3 Acid-l0 days 
5 Acid-l0 days 
5 Control-l0 days 
Average daily I 
. ratio-,,--lbs. Acids fed daily 
1.8 None 
2.0 250 cc. N /1 lactic 
I 2.0 I 300 cc. N / 1 sUlturic 2.0 300 cc. N /1 acetic 
2.0 None 
Weight of ani-
mal-lbs. 
62.0 
69.5 
75.0 
81.0 
87.0 
Some analytical data on the mixed ration as used, are shown 
in table II. 
TABLE II-ANALYSIS OF MIXED RATION USED 
1 H 20 1 CaO 1 MgO 1 P,Os 1 N 
Percent ............. 1 11.95 1 1.12 1 0.25 - 1 1.74 - 1- 2.85 
The urinary acidity was determined by titration with phenol-
phthalein according to Folin. Urea and ammonia nitrogen were 
determined by the method of Van Slyke and Cullen. Folin's 
colorimetric method for creatinine and the Folin-Benedict method 
for creatin were used. Calcium in urine and feces was deter-
mined by McCrudden's method. Total urinary sulfur was by 
Benedict's method and sulfate sulfur according to Folin. 
The analytical data on the urine in the first experiment arc 
given in table III. Averages of the urinary constituents are giv-
en by periods*. 
Since there is always more or less lag in the response of the 
urinary constituents to changes in the ration, a more nearly cor-
rect average for each period has been obtained by taking the last 
'Credit is due Mr. W. J. Suer for much of the analytical work reported in table III. 
"Givens & Mendel-Jour. BioI. Chern. 31 :421 (1917) 
7Givens-Jour. BioI. Chern. 35 :241 (1918) 
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1. I June 29 . ... . . . .. ... 537 1.029 Acid ... 1 10.139 7.5271 0.977 0.299 .... 0.129 0.599 0.549 0.05() I No 
June 30 ............ 922 1.018 Acid 244 12.023 9.207 1.203 .338 0.082 .2'08 .770 .680 .090 acid 
July 1 . . ........ . . 1770 1.010 Neutral 186 12.532 9.080 1.675 .355 ,059 .183 .812 .747 .065 fed 
July 2 ........... , 830 1.016 Acid 295 11.573 8.384 I 1.588 .343 .000 .318 .714 ,666 .048 
July 2 . . . . . . . . . . . . 830 1.016 Acid 282 9.213 6,015 11.459 .293 .040 .267 .619 .575 .044 
July 4 . ... ........ 640 1.020 Acid 237 \ 8.448 5.720 1.663 .267 .096 .227 .557 .509 .048 
July 5 .... .... ... . 525 1.024 Acid 304 7.718 4.966 1 1.414 .286 ,107 .171 .516 .469 .047 
July 6 ............ 560 1.02,4 ~cid 319 10.24~ Z·259 1 1.443 .301 .108 1 .199 ) .632 1 .5651 .0671' 
July 7 . . . . . . . . . . . . 640 1.021 Old 294 10.95 , {.974 I 1.423 .321 .064 .173 .612 .533 .079 
July 8 ,...... . .... 690 1 1.025 Neutral I 262 1 10.805 I 7.798 11.329 .325 .156 ,196 .680 .595 .085 
1 Mean .... , ..... . .... 827 I 1.020 270 10.37 7.39 1.42 0.313 0.079 0.207 0,651 0.589 0.062 
2. I July ~ .... .•...... - 780 --1.022 - Acid 288 1 11.6848:509[1.332-:336- .133 .221 I .632 .573 .059 I Be~an 
July 10 ... .. ....... 795 1.021 Acid 294 1 10.653 7.509 1 1.560 .332 .137 .258 .647 .559 .088 200 cc. 
July 11 .... .. ...... 605 1.025 Acid 314 9.995 6.994: 1 1.320 .308 ,226 .231 .649 .582 .057IN/ 1Iactic 
July 12 ............ 540 1.028 Acid 227 10,130 7.082 11.409 .270 .121 .238 .534 .513 .021 daily 
July 13 ... . . ....... 595 1.025 Acid 321 10.032 7.338 1.215 .338 .086 ,274 .620 .563 .057 1 
July 14 .......•.... 575 1.029 Acid 282 10.212 7.686 1.079 .346 .096 .218 .660 ,580 .080 Began 
July 15 ... ,........ 540 1.028 Acid 227 10.217 7.59711.146 .319 .042 .219 .591 .5481 .043 300 cc. 
July 16 ... . . ... .. .. 543 1.029 Acid 282 10.208 7.504 1.236 .308 .024 .213 .503 .468 .035 N / 1 
July 17 ..... . . . .... 562 1.029 Acid 337 10.487 7.532 1.342 .313 .098 ,243 .628 .554 .074 lactic 
July 18 ............ 640 1.028 Acid 346 10,918 7.946 11.122 .356 .123 .218 .684 .590 .094 
Mean .. , ... ,...... .. 617 1 1.026 292 10.45 7.54 1.28 0.323 0.109 0.233 0.615 0.553 0.061 
- 3-. -1-J UlY19 ............ 1 970 1- 1-:022- Acid 1-310 \ 9.60315.767- 12:140- O-:-31f 0.097 0,393 2.564 2~388-o.i76-I-Began 
'
July 20 , .. . ... ..... , 725 1 1.032 Acid 370 9.541 6.110 2.424 .312 ,040 .612 3.961 3.666 .295 300 cc. 
July 21 .,.......... 1145 1.022 Acid 332 10.534 5.463 1 3.142 .382 .026 .670 4.128 3.813 .315 N /1 
Jul v 22 ... ,' •.• ,... 810 1.030 Acid 437 11.259 6.138 I 3.252 .406 .021 ,853 4:.269 4.002 .267 H 2SO. 
I July 23 ····· · ······1 950 1.028 Acid 437 I 11.647 I 6.118 I 3.469 .402 .000 .957 4.694 4.464 .230 daily July 24 ............ 885 I 1.027 Acid 416111.293 5.680 I 3.558 .410 .014 .950 4.446 4.387 .059 
I July 25 ............ 1345 1 1.021 Acid 390 12,912 6.154 4.196 .414 .110 .986 5.067 4.627 .440 
I July 26 ............ 995 1.026 Acid 507 12.139 6,394 I 4.296 .415 .120 .773 5.386 4.544 .842 July 27 ............ 740 1.027 Acid 340 9.235 4.914 3.498 .349 .071 .259 3.632 3.4'04 .228 I July 28 ..... • .. ,... 1340 1.02'4 Acid 456 i1 15.812 7.076 il 6.566 ,552 ,169 .433 16.098 5.494 .604 Mean , .. , ... . , ... , , 991 1.026 399 11.40 5.98 3.65 0.396 0.067 0.689 4.425 4.079 0.346 
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TABLE III-URINE ANALYSIS EXPERIMENT- NO. l - Continued 
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July 29 ............ 1 1200 11.020 Acid 1 408 1 12.64816.49814.657 .467 .107 .296 3.133 2.765 .3681 Began 
July 30 ... ..... .. ... 1510 1.011 Acid 242 10.691 5.886 3.822 .314 .140 .109 0.867 0.687 .180 300 cc. 
July 31 ............ 1635 1.012 Acid . . . 10.693 6.181 2.197 .370 .212 . . . .800 .623 .177 N /1 
Aug. 1 . . . . . . . . . . . . . . . . . . . . p.art of urine lost \ . . . . . . . .. . . . . . . . . . . . . . . acetic 
Aug. 2 . . . . . . . .• . . . 858, 1.022 Acid . . . 12.441 8.048 2.360 .344 .254 .391 .922 .685 .237 daily 
Aug. 3 . . . . . . . . . . . . 1005 I 1.016 Acid . . . 12.080 7.904 2.136 .324 .302 .290 .635 .505 .130 1 
Aug. 4 ............ 1080 1.022 Acid ... 11.426 7.212 ' 1.678 .397 .412 .219 .660 .574 .086 
Aug. 5 ......•..... 845 I 1.021 Acid ... 11.204 7.370 I 1.488 1 .2'88 .210 .171 .607 .474 .133 
Aug. 6 ............ 650 1.024 Acid ... 10.894 7.404 1.478 .311 .051 .153 .737 .625 .112 
Aug. 7 . . . . . . . . . . . . 885 I 1.020 Acid . . . 12.408 8,242 1.601 .355 .236 .181 .721 .578 .143 
Mean............... 1074 1 1.019 ... 11.61 7.19 1 2.38 0.352 0.214 0.226 1 1.009 0.835 0.174, 
5. 1 Aug. 8 .. ........ "I 720 I 1.025 Acid ... 1 13.032 9.001 11.482 0.433 0.120 0.226 0.617 0.524 0.093 \ Control 
Aug. 9 ............ 812 1.023 Acid ... 10.848 6.921 1.582 .383 .171 .280 .721 .606 .115 period 
Aug. 10 . . ...... . ... 857 I 1.02'0 Acid . . . 10.181 6.591 1 1.385 .362 .144 .130 .649 .547 .102 
Aug. 11 ...• . .. . ..•. 1 905 1.021 Acid ... 10.245 6.614 I 1.444 .339 .175 .145 .701 .603 .098 
Aug. 12 ........... . 713 1.023 Acid .. . 9.982 6.009 1 1.697 .278 .135 .123 .666 .580 .086 
Aug. 13 ............ 633 1.027 Acid ... 10.836 7.129 1 1.379 .294 .147 .102 .657 .557 .100 
Aug. 14 .... . .. . •... 957 1.019 Acid ... 10.465 6.799 1.630 .296 .128 .080 .760 .652 .108 
Aug. 15 ...... . ..... 710 1.023 Acid ... 10.214 7.141 1.178 .271 I .22'3 .068 .670 .571 .099 
Aug. 16 . . ....•. . ... 540 1.024 Acid . . . 11.172 7.635 I 1.601 .306 .155 .101 .619 .552 .067 
Aug. 17 ............ 620 1.024 Acl-l ... 1 11.8.67 7.608 1 2.039 .337 .080 .111 .711 .612 .099 
Mean . . . . ...... .. . . . . 747 1.023 ... 10~L,2,!5~1.M 0.330 0.148 0.137 0.677 0.581 0.097 
All data on 24 hour output. 'By difference. 
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TABLE IV-URINARY CONSTITUENTS, DAILY AVERAGE OF LAST 
8 DAYS OF EACH PERIOD 
I PERIODS 
_ con\rol_l_ La~tic SUI¥U-::-~C!tiC I Con5trol 
Volume-cc ... -.-.. -.-.. -.-. -.. -. -. : 851 575 1026 994-1-742 
Specific gravity ........ .. 1.019 1.028 1.026 1.019 \ 1.023 
Acidity-cc. N / 10 .. ..... . 272 292 414 
Total N -gms. ............ 10.19 10.28 11.85 
Urea N -gms. .... ....... . 7.15 7.46 5.99 
NHa- N-gms. .. . . . . . . . . . 1.50 1.24 4.00 
Creatinine N-gms. ...... 0.311 0.320 0.416 
Creatin N-gms. .......... 0.079 0.102 0.066 
CaO-gms. .. ..........•.. 0.217 0.232 0.735 
Total S--gm s . ............ 0.643 0.609 4.715 
Sulfate S-gms. .......... 0.582 0.550 4.342 
Unoxidized 8--gms. ...... 0.060 0.058 0.373 
11.59 
7.48 
1.85 
0.341 
0.240 
0.234 
0.740 
0.581 
0.145 
10.62 
6.94 
1.54 
0.310 
0.148 
0.108 
0.679 
0.584 
0.095 
8 days of each 10 day period. These figures are shown in table 
IV. 
It will be noted that neither the lactic nor the acetic acid 
(periods 2 and 4) caused any marked increase in the ammonia 
nitrogen execerted, altho it is a little higher in period 4. The 
variations in water intake, sinc~ this experiment was carried on 
during the summer, caused considerable variation in the volume 
of urine and the analytical data. When the urinary volume, to-
tal nitrogen, creatinine and creatin are plotted on the same sheet, 
it is plainly evident that many of the variations in these constit-
uents are due to the changes in the water intake and urine 
volume. The higher water intake during period 4 thus accounts 
for a slight increase in urinary ammonia. Daily tests for either 
lactic or acetic acid in the urine of their respective periods were 
always negative. It is probable, therefore, that these acids were 
quite completely oxidized. 
In period 3 the addition of sulfuric acid to the ration caused a 
large increase in the urinary ammonia, the greater part of which 
is compensated for by the decrease in urea excreted. It is note-
worthy that the creatinine excretion is somewhat higher, altho 
McCollum and Hoagland found no increase in the case of a pig 
on a nitrogen-free diets. The fact may also be noted that the 
creatin nitrogen is no higher in period 3 than in period 1. The 
extra creatin excretion in the two organic acid periods may 01' 
may not be accidental. 
The nitrogen balance for this experiment is shown ill table V. 
It shows very plainly that the large amount of sulfuric acid in-
TABLE V-NITROGEN BALANCE BY PERIODS-EXPERIMENT 1 
, N in feces , , Total N , (dried) N in urine excreted N ba,lunce 
g ros.. gros . gms. gm.l;l. grog. ~;-_--r;~-:C~~::-;iCCi~"I-.-:-: -: :-:-: :-:-: -:I:--i~'~ ~"':~"'!--+1-7""6~~:~:;:;i'--";-I l'"'I~"'~::;~;;;'~-+--:I'"~O;Ct'7~;;"~-I: +~t~~ 
3-Sulfuric ......... 259.24 61.17 113.97 175.14 +84. 10 
4- Acetic ........... 259.24 57.88 116.09 173.97 +85.27 
6-Control .......... 259.24 69 .34 108.84 178.18 + 81.06 
Perjod N intake 
"Jour. BioI. Chern. 16 :314 (1913) 
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gested did not interfere with nitrogen storage, as was demonstrat-
ed with swine and calves by Steenbock, Nelson, and Hart9 • 
Of the extra acidity ingested, viz., 300 cc. normal solution, 184 
cc. is accounted for by the increased ammonia excretion. Ap-
parently only 14 cc. is excreted as extra urinary acidity. This 
leaves about 100 cc. normal solution unaccounted for . As sug-
gested in the preceding paper, the greater part of this may be ex-
creted in the feces, either combined with bases or in some other 
form*. The calcium balance by periods is shown in table VI, 
which apparently accounts for 25 cc. normal solution of acid 
daily. 
The extra excretion of calcium in the feces in period 3, de-
creasing the positive balance, may have been due to the formation 
of calcium sulfate in the intestine during the early stages of di-
gestion, most of which, on account of its relative insolubility, was 
excreted as such in the feces. We have already suggested that 
the neutralization of acid fed by mouth might be more wasteful 
of fixed base than the neutralization of an equivalent amount of 
acid formed iIll normal metabolism, and this observation falls in 
line with that hypothesis. Givens and Mendel10 found that the 
administration of 1.5 grams of hydrochloric acid per day to a 
dog caused a diversion of calcium from the intestinal path of ex-
cretion to the urine, with no change in the calcium balance. Our 
results (table VI ) show the increase in urinary calcium, but an-
other increase instead of a decrease in the fecal calcium. It is 
probably due to the difference in solubility between the chloride 
and sulfate of calcium, and also falls in line with our hypothesis. 
Therefore the loss ofl calcium shown in the table may be due to 
the character of the acid and the method of administration. One 
would certainly not be justified in assuming that if it were pos-
sible to find a wholly satisfactory ration containing a potential 
mineral acidity equal to the amount of acid we fed that such a 
ration would cause the decrease in positive calcium balance we 
have noted here. While the calcium in the ration was not more 
abundant than animal husbandry experience would justify for 
practical feeding, it was high enough to cause very satsifactory 
storage of calcium. In our second experiment on a ration low 
in calcium, the animal was not so wasteful of lime in neutraliz-
TABLE VI-CALCIUM BALANCE-EXPERIMENT 1 
I I Average Total Balance daily excreted by periods. balance 
grn~. gms. CaO gms. 
I - Control .... j 92.54 \ 57.64 \ 2.07 I 2-Lactic . . . . . . . 101. 70 65.15 2.33 
3-SulfurLC .... \ 101. 70 69.03 6.89 
4-Acetic . ..... 101.70 63 .59 2.30 
6-Control .... 1 101.70 I . 67.53 1 1.37 
59.71 I + 32.83 I + 3.28 67.48 + 34.22 + 3.42 
75.92 +25.78 +2'.58 
65.89 + 35.81 + 3.58 
68.90 + 32.80 + 3.28 
.. A complete mineral analys is of the feces was planned but could not be carried 
out. because of present conditions. 
oJ our. BioI. Chern. 19 :399 (1914) 
lOJour. BioI. Chern. 31 :428, 1917. 
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ing the acid fed, but neutralized a larger proportion with am-
monia and phosphates. 
It is very interesting to note that the lactic and acetic acids in 
periods 2 and 4 apparently caused an increased storage of lime. 
The following explanation seems possible. Perhaps the soluble 
calcium salts of lactic and acetic acids were absorbed and taken 
to the tissues where the acid radical was oxidized, thus leaving 
the calcium in a more favorable position for retention. The fact 
that during these two periods the urinary calcium was also in-
creased over the control periods also makes it appear that the ab-
sorption of calcium from the tract in the form of these soluble 
salts was increased, with consequent increase both in calcium 
storage and in urinary calcium. 
The hydrogen ion concentration of the blood was again deter-
mined on the last day of the sulfuric acid period and found to 
be 7.2. 
EXPERIMENT WITH LOW CALCIUM RATION 
The object of the second cage experiment was to determine the 
effect of mineral acid on the calcium balance using a ration very 
low in calcium, and also to check the urine analysis on a constant 
water intake. This experiment was carried on in October in a 
uniformly heated room, and it was intended to allow a definite 
amount of water thruout the experiment. The feeder failed to 
allow extra water during the last period to compare with the 
volume of acid, solution given in period 2, and the urine volume 
dropped unusually low in period 3. More uniform daily results 
were obtained, however, in periods 1 and 2. 
The ration used was 95 percent ground corn and 5 percent 
black albumen, a blood product low in calcium, but containing 
over 88 percent protein. The calcium content of the mixed feed 
was 0.022 percent and the nitrogen 2.04 percent, or calculated 
as crude protein, 12.75 percent. This was a good ration except 
for its very low content of lime. 
The analytical methods were the same as used in the first ex-
periment, except that inorganic sulfates were determined in-
stead of total sulfates, which include a small amount of ethereal 
sulfates. The results of the urine analysis are given in table VII. 
Averages by periods are shown in table VIII, the first two days 
of each period having been omitted in calculating the averages 
for reasons previously mentioned. 
It will be noted at once that the increase in ammonia excretion 
is greater than in the first experiment for the same amount of 
acid intake. In the first experiment the percent of urinary nitro-
gen as ammonia was 14.7 percent in the first control period and 
33.8 percent in the sulfuric acid period. In the second experi-
ment the figures were 12.8 percent in the first control period and 
38.2 percent in the acid period. This may be due to the fact that 
I 
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1. I Oct. 22 ............ 780 
Oct. 23 ... . ........ 1145 
Oct. 24 ............ 1160 
Oct. 25 . ... . ....... 1050 
Oct. 26 ............ 820 
Mean . .. ..... . ..... . 991 
2. I Oct. 27 ............ 1440 
Oct. 28 ............ 1005 
Oct. 29 .....•...... 1320 
Oct. 30 ............ 1165 
Oct. 31 ............ 965 
Nov. 1 ............ 915 
Nov. 2 ..... • . • ... . 1190 
Nov. 3 ............ 1155 
Nov. 4 .... ,.. . . . . . 1030 
+"ov. 5 . . . . . • . . . . . . 1090 
Mean . . ........ . .... 1127 
3. Nov. 6 . . . . .. . . . . . . '780 
Nov. 7 ............ 750 
Nov. 8 ............ 590 
Nov. 9 ............ / 585 
Nov. 10 ............ 440 
Mean ............. . . 1 629 
TABLE VII-URINE ANALYSIS EXPERIMENT 2 
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164 8.797 6.118 1.631 0.411 0.086 I Control 
355 11.301 7.896 1.940 .513 0 .098 period 
383 11.433 8.088 1.656 .536 0 .118 1 
378 12.524 9.275 1.485 .526 0 .086 I 
2'11 10.137 8.059 1.217 .456 0 .079 I 
374 12.197 8.225 2.339 .618 0 .317 10.359 Wt. of animal 
310 10.80t 7.89 1.59 0.488 0 0.093 1 
543 10.533 6.228 2.856 .431 0.007 .435 14.354 137 lbs. 
673 12.567 5.692 4.657 .661 .102 .443 15.114 I 
804 11.883 5.676 4.632 .357 .388 .475 14.015 I 300 cc. N- 1 
627 12.132 5.500 4.550 .284 .568 .670 13.905 I H ,SO. daily 
540 10.607 5.047 4.074 .339 .348 .587 12.925 with feed 
666 12.678 5.964 4.698 .447 .149 .688 13.671 / 
782 13.405 6.170 4.916 .358 .555 ,681 14.550 
670 10.997 4.695 4.557 .364 .268 .611 13.421 I 
730 13.368 5.890 5.219 .2'68 .460 .747 15.540 I 
. 639 12.04 5.91 4.25 0.413 0.285 0.565 13.785 1 
Wt. or animal 
153 lbs. 
Control 1 
679 14.218 6.813 3.189 .249 .337 .352 4.667 
660 11.970 7.266 2.352 .425 .219 1 .188 2.546 
513 10.209 6.456 1.817 .296 .295 .119 1.882 I 
673 11.029 6.929 1.785 .288 .279 .153 2.038 I 
484 8.399 5.605 1.220 .186 .192 " 063 1.394 ~2 I 11.17 I 6.61 I 2.07 0.289 0.264 0.175 2.505 I ___ _ period 
.... 
<:.0 
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TABLE VIl1-URINARY CONSTITUENTS, TRUE DAILY AVERAGES 
BY PERIODS-EXPERIMENT 2 
PERIODS 
,..,.-:,=::---::-::-____________ ,;-----;c::;c0o,;n\;c.:r"'ol'--I Sulluric I c"o;;trol 
~~~~~i~ g~",;,vii~':::::::::::::::::::::::::::: j 101f.018 - 110t.028 -11~-.03-4-
Acidity-ce. N/I0 ...... .................. .... 1 377 684 557 
Total N-gms. .. .. .. ............. ... ........ . 181..3477 152'.2581 II 96 .. 8383 Urea N-gms ............................... . 
NH.,-N-gms. .. . . . . . . . . . . . . . . . . . . . . . • . . . . . . 1.45 4.66 1.61 
Creatinine N-gms. . ...... ... ... .... .....•. .. 0.506 0.385 0.257 
Creatin N-gms. . .... .. . ................ .... .. 0.0 0.355 I 0.255 
CaO-gms. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.094 0.613 0.112 
Inorganic sulfates as H ' S04-gms....... ... .. 14.143 I 1.771 
there was very little calcium available to hold part of the sulfuric 
acid in the intestine as calcium sulfate. In this experiment 96 
percent of the sulfuric acid ingested was excreted in the urine, 
while in the first experiment but 90 percent appeared in the 
urine, including the ethereal sulfates. 
In this experiment there was an apparent decrease in creatinine 
excretion during the acid period, and a marked increase in 
creatin. There are too many other possible factors concerned in 
the excretion of these substances to allow an explanation with 
the data at hand. 
The extra ammonia excreted during the acid period accounts 
for 229 cc. of the 300 cc. normal solution of acid ingested. The 
extra urinary acidity accounts for 31 cc., leaving only 40 cc. not 
taken care of by these two factors in the urine. The calcium bal-
ance data (table IX) show that the difference is not made up by 
calcium excretion, altho there is a slight increase in the neg-
ative calcium balance over the average of the two control periods 
The differences between the balances in the two control periods is 
due to the fact that the experimental animal had been fed the 
high calcium ration of our first experiment until five days be-
fore the beginning of the first control period of this experiment. 
'l'he preliminary five day period was not long enough to get rid of 
what might be considered excess calcium in the tissues of the 
animal. Therefore for comparison with the acid period it is 
necessary in this case to ~ake the average of the two control 
periods. The negative calcium balance thruout is of course 
due to the inadequate supply of lime in the ration. It should be 
TABLE IX-CALCIUM BALANCE-EXPERIMENT 2 
0 0 ,g >. 
" '" 
.< 
"'" 0 u "", .... 
"" Period c.. intake gms. CaO 
.5 ID w ,::" . SO!'! .c" "',:: -'::00 ~~~ ." ~J! ~ ~'§~ ~"" >';l 80tl u;u <..0 
I Feed I Water I Total I I I 
I-Control, 5 dasJ1:5()[----o:sg-I' 2.a6 ' I' 5.47 
1 
0.46 5.93 
- 3.60 1-0.72 2-H,S04, 10 das. 3.00 1.55 4.56 5.84 5.65 11.49 - 6.93 -0.69 
3-Control, 5 das. 1.50 0.79 2.29 2.12 0.88 . 3.00 - 0.71 - 0.14 
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noted that the extra calcium excretion in the acid, period is very 
small, and that on a low calcium ration the animal was much more 
economical with the calcium supply than in the first experiment. 
Even on the high calcium ration, however, only 5 percent of the 
very high acid intake was apparently neutralized by calcium, 
and this may have been largely due to the insolubility of the salt 
which was the product of neutralization. Altho considerable 
stress has sometimes been laid on the effect of natural acid ra-
tions on the skeleton, an inspection of the two calcium balance 
tables shows that the loss caused by the very high amount of acid, 
fed was not in either case serious, especially in the first experi-
ment, when the ration was adequate to meet the normal needs of 
the growing animal. 
The nitrogen balance is shown in table X. As in the first ex-
periment there was certainly no interference by the acid with 
nitrogen storage. 
It is intended to continue this work later, when the fate of the 
fraction of the acid not yet accounted for will be determined if 
possible. 
TABLE X-NITROGEN BALANCE- EXPERIMENT 2 
Period 
I-Con trol, 5 days .... 1 
2-H2SO., 10 days ... . 
3-Control .... . . ... . . 
" 
""  . ~E 
.~ .. 
Z 
138.92 
277.85 
138.92' 
Z] » "'~ :e ,~'" ~ '"0 
.5 gj.~,,; "" . 3" . ~ ~.~ ui Z il-B S '~'E 8 o~s z§~~ .... ~ .. Z" .. E-<~ .. 
22.13 1 54.19 1 76.32 1 + 62.60 30.98 120.37 151.35 + 126.50 
18.70 55.82 74.52 +64.40 
~z ~ 
~ >, ~ • ~~~ S 
<'"0"''' 
-
+ 12.52 
+12.65 
+ 12.88 
-
